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Goals of Meeting:

Solicit PAC members’ direct input and to reach a
CONSENSUS on:

> Priority Basin Project scope of work modifications

> Discuss securing future funding source(s) before
the end of 2013




GAMA Background

o Legislature’s concern about groundwater quality
o Budget Act of 2000

o Water Code Section 10780

Groundwater Quality Monitering Act of 2001 -
(AB 599, Liu)

o« PAC and ITF created in law
Groundwater Quality Monitering —

(2008. AB 2222, Caballero)
o Outlined funding needs for GAMA




GAMA PAC Mission

»> AB 599 directed the State Water Board to convene an
advisory committee (PAC) to develop the
comprehensive ambient groundwater monitoring
program elements.

»> The PAC provides expert external advice and guidance
to the GAMA program.

»> IThe PAC was instrumental in securing funding for
GAMA.




GAMA Program Objective

Is ambient groundwater quality in California
getting better, worse, or staying the same?

> I'he answers depend on:

Where, how, and how often you collect samples
(new and shared data); collaborate with other
studies

What chemicals are you testing for and comparing
It to what concentration or level; assess water
guality

Reporting, sharing data, staying focused on overall
goal: comprehensive monitoring and sharing data

with public




Ambient Groundwater Monitoring:
Importance

> Establishes baseline groundwater quality
on a basin wide scale

> Sampling repeated periodically to identify
trends In water quality

> Data collected and analyzed to be used by
decision makers to better protect
groundwater resources; centralize data
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GAMA Program: Current Projects

Special Priority
Studies Basins

GAM

GeoTracker
GAMA

Domestic
WWELS

Sampling conducted in'Voluntary. Cooperation with Participants

B l a USGS
Water Boards a changing world




Geolracker GAMA Groundwater

Information System

> Provides to public data from CDPH, USGS, LLNL, DWR,
DPR, and Water Boards

o Water quality, water levels, contaminant sources, groundwater
publications

> Internet accessible w/ Google map

> Search for >220 chemicals from all datasets for over
200,000 wells (>100 million results)

Fulfills; AB599 intent ofia centralized infe system

Ecolnteractive




Domestic \Well Project

> 1,146 private wells sampled - six counties

> Key Results (2003 to 2011):

Total Coliform: 26% wells positive
» Fecal 3.2%

Nitrate: 10% wells > MCL
o Nitrate: 41% of Tulare wells > MCL

Radionuclides (gross alpha): 33% San Diego >MCL
Perchlorate: 6% > MCL

VOCs: less than 1% > MCL

Eulfillst AB 599 ntent te: make water quality. data: more
avallable to public - State Board Stafii llechnical lLlead



Special Studies Project

> Focus on areas of groundwater concern (occurrence,
source)

o \Wastewater, septics
o Dairies
o Nitrate
o Recycled Water
> Investigative Tools
o Age dating (Hs/He)
o Isotopes (N, O, H, B)

Eulfillst AB 599 ntent to better understand groundwater
guality: - LLENL Technical Lead

N <
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Priority Basin Project

> Baseline assessment cycle complete: 95% of
the state’s public-supply aguifers characterized

> Project calls to repeat the public aquifer
assessment every 10 years

> 2,400 wells sampled
> Dozens of reports, fact sheets published

Fulfills: AB 599 Intent to: more comprehensively monitor
groundwater quality - USGS Technical LLead with [LLEN L2
support

Y

ence for a cl



Priority Basins: Future Funding

> Priority Basins funding (Prop 50 bonds) to
cease In 2015

> New Funding Source Not Yet ldentified

> Reconvene PAC today to discuss potential
options




Important Points/Findings:

> Most land uses can impact groundwater quality

o Shallow groundwater more vulnerable to anthropogenic
contaminants

o Deeper water typically better guality, but has several
contaminants-usually at lower concentrations than

shallow

> Regularly monitoring groundwater guality IS critical
to track Impacts oever time




GAMA Program’'s Next Steps:

> Assess shallow aguifer quality

> Study groundwater guality trends (shallow and
deep)

> AsSSess relationship between surface activities and
groundwater guality

> Evaluate findings to help us better manage our
groundwater resources

> 4




GAMA Program’s Impact:

> GAMA Program Is an invaluable resource for:
o General public
o Government agencies
o Non-governmental organizations
o Legislators
o Sclentists
o Educators

> No other state has such a comprenensive program for
groundwater,




Thanks

John Borkovich
GAMA Program Manager
|borkovich@waterboards.ca.goyv

http://geotracker.waterboards.ca.gov/gama




GAMA Special Studies: Focused

Water Quality Investigations of
State Wide Relevance

A Presentation to the
GAMA Public Advisory Committee
April 30, 2013

Bradley K. Esser
Lawrence Livermore National Laboratory

LLNL-PRES-635766 B Lawrence Livermore
This work was performed in part under the auspices of the U.S. Department of Energy by N ti I b t
Water B'DElI'dS Lawrence Livermore National Security, LLC, Lawrence Livermore National Laboratory under atona La ora ory

Contract DE-AC52-07NA27344.




What is a GAMA Special Study?

A focused water-quality investigation
— Local to regional scale
— Specific water quality issue
— Limited duration study (for flexibility in addressing new concerns)

Of state-wide relevance

— Common or emerging water quality issue affecting
groundwater used for drinking water

Using innovative & scientifically credible methods
— Development of new approaches and tools
— Scientifically credible case studies using cutting-edge science
— Publications in peer-reviewed literature

With outreach to the professional community & public
— Voluntary program
— Work with local agencies, well owners & stakeholders
— Involve & train students and agency staff

Goal: Science-Informed Policy




A Focused Water Quality Investigation

A single well

Is high nitrate in a city
well from orchards or a
farm supply yard?

Is high nitrate in a
community well
affected by agricultural
nitrate?

A managed aquifer
recharge operation

How can we trace
recharged water
i without SF6?

Is high arsenic caused
by recent recharge
operation?

Small dairy farm

Transport & fate of
dairy-derived nitrate
to underlying aquifer

® Muiti-level well + CPT, DP

'Im. " Nitrate cc:::j:;:uation G ro u n dwate r
< SR T § Noeemse| | basin
are18'N 5 _ . ®° 24 - 456 mg/L

> 456 mg/L
Sources of nitrate and
impact of nutrient
management plans.

Coyete subbasin
Llagas subbasin — confined

Impact of climate
change on alpine
headwater basins.

L|aﬂaﬂ subbasin — unconfined
San Francisco Bay
Santa Clara County
|| santa Glara valley basin — confined
"] santa Ciara Valley basin — unconfined
T

37°00°N=—

Coxisa! SCIENCES &




Using Innovative and Scientific Methods

Water Boards

Groundwater Age
Dating

Isotope & Dissolved
Gas Geochemistry

Industrial VOCs &
Emerging
Contaminants

Delineate %roundwater recharge, flow &
contaminant transport

Proxy for aquifer susceptlblllty

Tool for assessment of management practices
and contaminant source attribution

Water source (stable isotopes of water)
Water “tagging” (introduced gas tracers)
Contaminant source (isotopic composition)
Contaminant degradation (e.g. denitrification)

Proxy for aquifer susceptibility
Contaminant source tracers
Emerging contaminant transport &
degradation in subsurface



Of State-Wide Relevance

> Nitrate in groundwater — sources, fate and transport

o Nitrate impacts from point & non-point sources
o Basins with nitrate management plans or MCL exceedences (e.g. Llagas & Salinas)
o Central Valley dairies & Tulare County domestic wells
e Municipal wells (e.g. Ripon)

o Development & demonstration of nitrate source, fate & transport

o Isotopic composition and co-contaminants
o Quantification of denitrification

> Wastewater impacts on groundwater

o Development of new tracers of wastewater in groundwater
o Pharmaceuticals (carbamazepine); artificial sweeteners; and boron isotopes

o Impact of septic discharge and recycled municipal wastewater

> Groundwater recharge and transport

> Development of new age tracers for groundwater recharge
> Introduced tracers (to replace SF6) and natural tracers

Water quality changes during groundwater recharge
Impact of climate change on recharge in headwater basins
|dentification of recharge area and surface/groundwater interaction




Overview of GAMA Special Studies:

Klamath '~ Map of groundwater
uains -

provinces in
andiSascade Priority Basin project
| (ca.water.usgs.gov/gama/)

Y& LLNL Special Study (Age)
LLNL Special Study (Nitrate)

Priority Basin program provides
excellent state-wide monitoring of
groundwater quality!

Special Studies supplement Priority
Basin program in Focused Investigations

Groundwater age

* new age tracers for managed aquifer
recharge

* groundwater recharge, sustainability
& vulnerability to climate change

Multi-tracer studies of groundwater
nitrate

* Isotopic approach to distinguish nitrate
source and history

» Dairy impacts on Regional Aquifer

Leveraging age tracer datain the
GAMA dataset

* “Pre-modern” water quality _
in ambient groundwater (state-wide)

(hrisa SCIENCES &




Theme: Groundwater Age Tracers

@) Young

vulnerable
water

pllEEER® Contaminated[f
idlca® Recharge o
A
Older
pristine
water

* Aquifer susceptibility
— Recharge in last 50 years (during expansion of population, industry & agriculture)?
— Recharge over long flow paths allowing for mitigation by mixing or degradation?
* Contaminant attribution
— Is the contamination from legacy or current source?
— Is the contamination from local or non-local sources?
 Regulatory compliance: managed aquifer recharge of recycled water
— Meets retention time regulations for drinking water wells?

N (Shrise SCIENCES &




The tritium/helium (®(H/?He) method measures groundwater age on
an appropriate time-scale for water resource studies

Changes in fertilizer nitrogen and phosphorus use
LL.S. data show that from 1945 to 1993 nitrogen use jumped 20-fold and
phospharus use tripled.

A groundwater chronometer 15

e Nitrogen

_ s Phosphorus
T1/2 =

12 years
*H SHe

w
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The me‘Fhod is useful over the last 50 3H/3He time-scalée
years with an uncertainty of 1-2 years.

The method also allows identification of
mixing with very old groundwater in the plefgiordl (E0NAY Gl
produced water (through analysis of o AR e e L T e
radiogenic He-4)

Most public-drinking water wells in California
produce water with measurable tritium.




Groundwater age: Tritium alone is misleading

Tritium activity is affected by groundwater age o )
and groundwater mixing and recharge source A significant source of recharge in the Central
Valley is irrigation with pumped groundwater

Tritium Recharge Curve:

Tritium GW age g s .I".ifa.m.m.wit.h e i
(pCi/L) (yearS) '.. ‘. ® Southemn

X \ B Northern
; i H O Domestic Well
Bakersfield 11.1 15 80 i il

] I L 5-15y groundwater
== 15-25y groundwater

11.3 34

60- y \ I

San Jose 12.4 11

12.5 42

Initial Tritium (pGifL)
[ ]
[ ]

Recharge from irrigation with pumped groundwater
and groundwater mixing

* Will not affect tritium-helium groundwater ages 71 LSS
o Wl” affeCt tritium'only mOdel ageS 1980 1985 1990 1995 2000 2005 2010

Recharge Year

Age tracer studies that use tritium only should take into account the source

of recharging water in constructing model ages or age classifications.

[l Brpds L

ESE



The GAMA program currently uses multiple age tracers:

Tritium/helium-3; radiocarbon; and radiogenic helium

Estimate mean age for modern recharge
.@ (2-50 years)

A

Modern | Pre-modern
water water

Method

Constrain mixing between
o modern and pre-modern

recharge

10 100 10,000 1,000,000
Groundwater age (years since recharge)

~ oz SCIENCES I




GAMA Special Studies is also developing krypton-85

as a new tracer for dating modern water

A Tritium in rain is almost back to pre-modern levels

85Kr (produced in the nuclear fuel cycle) has been
@ steadily increasing in the atmosphere

'I;;I;F Krypton-85 will complement tritium/helium in
.\_,’ determining the mean age of modern water

Modern | Pre-modern
water water

Method

10 100 10,000 1,000,000
Groundwater age (years since recharge)

~ oz SCIENCES I




Sub-theme: Age tracers for managed aquifer recharge

Safe Drinking

Water The use of treated wastewater used
for groundwater recharge requires
Rilnking demonstrating a subsurface
Water : :
well residence time of months to years.
Current tracers are inadequate
CDPH Guidelines  Introduced: Sulfur hexafluoride (SF6):
 Intrinsic Tracer: Sample existing tracers. Greenhouse gas; being phased out by CARB
Demonstrate a retention time of 9 months  Introduced: Isotopic noble gases:
e Introduced Tracer: Track an added tracer. Limited and expensive analysis,

Demonstrate a retention time of 6 months Specialized sampling

e Intrinsic: Tritium/helium-3
Cannot determine ages <1-2 years

~ ozt SCIENCES




GAMA Special Studies is developing new tracers

to trace recent recharge

| "H/He

' l 85Kr

Modern | Pre-modern
water water

°
<)
£
=
v
> X

Recent recharge

New methods being developed by GAMA
e Introduced tracer: xenon

Inexpensive analysis; normal sampling
e Intrinsic tracer: Sulfur-35

Naturally occurring and suitable for dating water
weeks to months old

10 100

10,000 1,000,000

Groundwater age (years since recharge)




The old approach: Introduced isotopically-enriched noble gas tracers

analyzed at LLNL by NGMS in a dedicated facility

Anaheim Lake 2.0

8 —~ 157 e

c O " ’ I/’

gz 10 re

GE |

Q . ///‘//

Santa Ana River 0.0 = ‘ ‘
0 200 400 600
3H/3He Age in years 1 mile Xe tracer arrival (days)
Well Kraemer Well Anaheim
0 AMD10 Basin . 7 Lake

E =200
o
2 00
"(g
®
9 600
8
E -800
>

1000 | : . ‘
6000 4,000 2,000 0

in a large room-sized facility
Horizontal Distance (feet) run by a PhD-level scientist

(hrisat SCIENCES &




The new approach: Introduced noble gas tracers analyzed on a small, simple
Noble Gas Membrane Inlet Mass Spectrometer (NG-MIMS)

Fast analyses on a new
NG-MIMS bench-top instrument

The new approach is inexpensive:
Xenon tracer studies at a similar cost to SF6,

Tracer introduction and sample collection are simple:
Un-attended introduction at near 100% efficiency
Sample collection using standard methods

The new approach is sensitive:

made with commercial parts

Xenon concentration,
relative to air equilibrated water

80
70
60
50
40
30
20
10

Tracer added

Xenon concentrations in Pond

-10 10 30 50 70 S0 110 130 150 170 150 210 230

Time since xenon introduction (days)

A small fraction (0.1%) of surface recharge water can be
detected in drinking water production wells

Breakthrough of introduced xenon
2500%

© »
T ]
3 2000% - 40% 2
+1] c
£ S
S 1500% - 30% B
e =
& Production wells B
£ 1000% 20% &
T £
o 500% - 10% &
c c
g =
& o% M —— — - 0%
é -10 40 90 140 190 240 290 340 390
S Days since xenon tracer introduction
x

Crisat SCIENCES &




Sub-theme: Managed aquifer recharge and water quality

Managed Aquifer Recharge

Investigated a groundwater banking . _ :
Is vital for California’s water supply

project in California’s Central Valley:
* Introduced SF tracer
 Tritium/helium-3 age dating
« Geochemical modeling

500 m (approximate)
Key Findings:

 Identification of suitable areas
« Travel times for banked water

* Water quality changes in banked high- ST
qua“ty Water A Surface water sample point

) ) O Nested monitoring well
° Transport Of emerg|ng Contamlnants <4 Tracer introduction point

associated with groundwater recharge

A key finding was that the highest groundwater arsenic

concentrations occurred in the most recently recharged water.

a (it SCIENCES &




Water quality can be affected by groundwater banking
under specific recharge conditions

Arsenic release is controlled by o :
local geology and the composition Specific recommendations can be
of the recharge water made on recharge management
— Arsenic is rapidly released from — Low-oxygen conditions during
naturally occurring iron oxides In the recharge will result in dissolution of
hgve higher pH than ambient water ferric oxides, and release of much

higher concentrations of arsenic.

2NGE-11H4-8, 540 to 600 feet below LSD, 2NGE-1A1-5, 540 to 600 feet below LSD, - ngh Oxygen demand In reCharglng
4 percent arsenic by weigh ercent arsenic by weigh .
=’ " Kl water should be avoided.

— The current operation is sustainable
with monitoring

McNab WW, Singleton MJ, Moran JE, and Esser BK, 2009. lon
exchange and trace element surface complexation reactions
associated with applied recharge of low-TDS water in the San
Joaquin Valley, California. Applied Geochemistry 24, 129-137.

100 micrometers

Izbicki et al. 2008. USGS OFR-2008-1272.

Water quality changes associated with

managed aquifer recharge operations can be managed.

[Physical
e Pl

NCESIE-




Sub-theme: Groundwater recharge & vulnerability

nowmelt

California Aquifer Susceptibility Project
(SWRCB/USGS/LLNL) - the first GAMA Project ﬁs Eoepousrgiaion —
e  Groundwater age as a proxy for susceptibility /
e  Coastal aquifers are well-protected :
e Central Valley aquifers are more vulnerable

Climate change and groundwater
e  How will changes in the type and timing of
precipitation affect recharge, runoff and water
guality in high-elevation headwater basins?

GAMA Special Study: Martis Valley, a headwater basin
Consider climate change impacts to groundwater
recharge & groundwater quality
Determine primary recharge locations & their
vulnerability . ” Most Recharge
Collaboration with research institutions (DRI, UNR), = :’lf;:'t:::f:m‘”‘“
and local water agencies (PCWA, TDPUD, NCSD)

: _\j/
Martis Valley Watershed _‘,,.)-

¢ =)
{ . Little Recharge
. . . - . =3
This work is providing age tracer constraints on development of the Y

Martis Valley Groundwater Model and Management Plan — this will be
a model for the use of age tracers in groundwater management




Theme: Multi-tracer studies of groundwater nitrate

(a water-quality issue of state-wide relevance)

0 30 &0 120
— — |l

Sourpe: SWRCE, GeoTrackar GAMA

Nitrate NO, (2009)

LRI R L R T LR e IR LT TR LR L I )

® -10mg/L
10— 45 mg/L

@ >45mg/L

= 5980
3699
503

Addressing Nitrate
in California’s Drinking Water

With a Focus on Tulare Lake Basin and Salinas Valley Groundwater

Report for the State Water Resources Control Board Report to the Legislature

California Nitrate Project,
Implementation of Senate Bill X2 1

Center for Watershed Sciences
University of California, Davis
http:/groundwaternitrate ucdavis.edu

Water Boards)

Prepared for the California State Water Resources Control Board

Physical
and Life

ESE



Nitrate-contaminated groundwater case studies

Two case studies where shallow groundwater has high nitrate
» Chico: Deeper groundwater is primary source of drinking water
« SJV Dairy: Deeper groundwater has lower nitrate or no nitrate

What is the source & age of the contamination?
* High-density septic systems?
» Legacy or current agricultural practices?

What does the future hold?
N , « Will nitrate in shallow water move to deep wells?
e WARERRS NSNS, * IS nitrate being degraded during transport?

Physical
and Life

ESE



Using an isotopic approach to distinguish nitrate source:

Synthetic fertilizers, manure, soil, wastewater?

The dual-isotope approach can
distinguish synthetic fertilizers from
organic N sources, but cannot distinguish
manure from septic sources

Animal Manure Fertilized Agriculture

Septlc Systems

@‘%\

Nitrate from Chico & the SJV Dairy falls in
the “manure and septic discharge” field.

Nitrate-oxygen isotopic composition (SlsO, permil ve SMOW)

Nitrogen & oxygen isotopic composition of
nitrate in GAMA Special Study groundwaters
30 . ! . 1 . ! . !

20—

10

0 e \Wastewater
b Manure and m  Septic
# 5 septic discharge B Dairy
© Survey
m Domestic
e PWS
-10 ' I T T T T T T T ]|
-10 0 10 20 30 40

Nitrate-nitrogen isotopic composition (8N, permil vs air)

Nitrate isotopic composition data can be used to provide an independent assessment
of nitrate source to shallow groundwater.

| Physical
an?:IsLlfe J




First-encounter groundwater nitrate in Chico is recent

and is from both agricultural and septic sources

Nitrate (mgfL-NOS)

Water Boards|

Chico, CA
100 — I T T [
@
Trace Organics
80 O “Agricultural”
[] “Septic”
® |
60 e _
.
40 - -
Tmr
20 | e . -
@
.
_._|
' S S o
%
0 Ll | | | |
0 10 20 30 40 50

(Physical
L

°H/°’He Apparent Age (years)

Nitrate contamination in Chico
— High-density septic system discharge is a
source of nitrate within the city limits

— Manure is a source of nitrate on the
periphery of the city

— Nitrate contamination is ongoing and
associated with current practices

We used a similar approach to distinguish nitrate sources
in the Livermore-Amador Basin:

The International Association of GeoChemistry selected the
paper — “Moore et al. (2006) Sources of Groundwater Nitrate
Revealed Using Residence Time and Isotope Methods” -- as
the year’s most significant paper published in Applied
Geochemistry, the IAGC’s monthly scientific journal.

Groundwater age dating can
distinguish recent from legacy nitrate.

Trace organics can distinguish septic
from agricultural nitrate

Sl



Nitrate-contaminated water: Transport
Will nitrate in shallow aquifers show up in deep aquifers?

Denitrification is the microbially-mediated conversion of nitrate to nitrogen gas.

9
'

Set @'@ » Does denitrification provide a sink
for nitrate in California aquifers?

« Will high nitrate in shallow aquifers
reach deeper aquifers?

Denitrification

LLNL built a small gas analyzer to measure nitrogen in groundwater
and to quantify denitrification

Gas-permeable membrane inlet

Membrane inlet mass spectrometry Quadrupole
(MIMS) mass analyser

— Fast, field-portable, and inexpensive Vacuum
— Standard sampling: VOA vials pump

Peristaltic Water
pump sample




A GAMA Special Study used a dairy in the southern San Joaquin Valley
as a case study of dairy impacts on underlying groundwater

@j’ Dairy Shallow Local Aquifer

1 m Active denitrification protects
deeper water in the local aquifer

High nitrate

Young water Nitrate source is dairy operations:

Young water and isotopics consistent with manure

0]) (o

Low or no nitrate
Older water
(dairy operating)

Deeper Regional Aquifer
® |ong flow paths protect deeper aquifer

® Not impacted by dairy operations:
Very low initial nitrate and very old age

OIXONY

— | Unsaturated Zone
= AVAS
No nitrate

Very old water

(pre-dairy)

OIXONY

We were able to assess denitrification by using
MIMS analyses of excess nitrogen.

Depth (ft)




Salinas Valley nitrate study

47° 1747 — 1227 120° 118° 116° 1147 Study Questions:

— — What is the natural background nitrate

Cascades and

adof, Ty ey s - concentration for the study area?

Mountains

— What happens to nitrate in the Salinas River
during recharge and transport?

40°

— What is the source of nitrate in a contaminated

Rames |4 ¥ s drinking water wells?
: Study Findings
“ \ i‘”\ L i 0 e When rainwater and soil are the only source
soneer sor O Y .:.WJF‘-..\ et | g of N, groundwater nitrate is very low (< 4ppm)

Salinas Valley
GAMA Study Unit _ b

*  Groundwater from shallow & deep wells

adjacent to the river has recharged relatively
A S ORY recently. Older water is found in the confined
Souhorn ™y e i zone and in the Eastside subbasin

Coast
Ranges

*  Denitrification is taking place in the vadose
zone and in groundwater near the Salinas R.

34"

e  The San Jerardo community well draws high-
nitrate irrigation return water in the spring
and summer.

200 MILES
i . L 1

T
1] 200 KILOMETERS

MEXICO

Basemap from Kulongoski et al., 2005 Moran (2011) Nitrate Fate and Transport in the Salinas Valley: Presentation to
' Region 3 Board (San Luis Obispo; 09/01/2011).

GAMA Special Studies complement and inform Priority Basin Studies




GAMA Special Studies also supports the Domestic Well Project

Groundwater Ambient Monitoring and Assessment * L L N I— an al yS es
(GAMA) Program . .
Domestic Well Project — Isotopic composition of water
- — Isotopic composition of nitrate
Sampling Study Areas

Total Number of Wells Sampled Through 2011: 1,146 — Isotopic composition of boron

] K MM 2002 Year Sampled
{220;35) : Y N P {128) Number of Wells Sampled
\

VS o » Tulare County
v v A — >40% of wells exceed nitrate MCL

TS T — Isotopic data consistent with findings
o } NG e of SBX2 report (Harter et al, 2012):

2002
(128)

398 . -
(870) — Water isotopes indicate most

domestic well water is from
irrigation returns

— Nitrate isotopes are consistent with
a mixed source of synthetic and
organic fertilizer

Monterey
2011

100 Miles

Water Boards San e
M aaorhe 8, 21

Capabilities developed by Special Studies are
leveraged by other GAMA Projects




Theme: Leveraging age tracer data in the GAMA dataset

0 30 &0 120
— — |l

Sourps: SWRCE, GeoTracker GAMA

Nitrate NO, (2009)

T LIX]

® -i0mg/L
10 — 45 mg/L

@ >45mg/L

(211

5980
3699
503

The GAMA dataset and Geotracker GAMA
are incredible resources

GAMA Special Studies is developing an age tracer

database for upload to Geotracker GAMA

* Phase |: Upload archival tritium and noble gas data
from GAMA Special Studies and California Aquifer
Susceptibility Projects to Geotracker

Tritium, helium isotopic, and noble gas concentration
data allow calculation of

e Mean groundwater age: Tritium/helium-3

*  Fraction pre-modern: Initial tritium

* Recharge temperature: Xenon

* Excess air (recharge condition): Neon

Recent Special Studies have focused on leveraging the
data collected by the GAMA Program (California Aquifer
Susceptibility, Priority Basin, Domestic Well and Special
Studies projects)

Example: Can we use groundwater age to estimate “pre-
modern” nitrate levels in ambient groundwater?




Water Boards|

In ambient groundwater

Define “pre-modern” as < 1 pCi/L tritium

— Most wells have a modern water recharge component
(similar to the finding of Belitz et al, 2010, 2011)

Group results by Priority Basin “province”

— The proportion of tritium-dead wells by province
varies from less than 25% to greater than 50%.

Investigate natural & anthropogenic constituents
— Nitrate, arsenic, fluoride
— Pesticides and VOCs

Consider groundwater redox state
— Eliminate samples where denitrification might occur

Using groundwater age to estimate “pre-modern” water quality

Proportion of wells with 3H < 1pCi/L

70%

60%

50% -|-

40%

30% - T
20% -

10%

0% -
NCR SCR TPR SD v SN BR

W Modoc Plateau and Cascades
W Klamath Mountains

E Morthern Coast Ranges

E Southern Coast Ranges

[0 San Diego Drainages
O Central Vallay
[ Sierra MNevada
ol [ Basin and Range
8l O Desert

1536 tritium analyses
(1111 LLNL; 453 USGS)
1355 wells with tritium &
water quality data

469 tritium-dead wells with
water quality data

\ N
- :
2 USGS N

O Transverse and Selected Peninsular Range

ESlb



Pre-modern groundwater quality varies

by province and by constituent

— Old groundwater has high concentrations of naturally-occurring constituents
* One quarter (26%) of the wells have at least one consituent above MCL, SMCL, or NL*

* Most exceedances are for naturally-occurring constituents (As, F) — this supports the
findings of the Priority Basin Study on the significance of naturally contaminants.

— Background nitrate concentrations are “low” and vary by province
» Nitrate is not found above the MCL in pre-modern wells (one exception)
* Pre-modern nitrate is on average lower than “natural”’ levels cited in the literature

AS - UGIL F - MG/L NO3 - MG/L
50 Py 3.0 70
=] o
o o o
° 25 ° o r
40
- MCL ° 0 F MCL
wt | Arsenic ° ° o Fluoride «» | Nitrate o
o 1.5 ‘
o
20 b o . ARE
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(only 4% have a detectable “modern” contaminant, e.g. MTBE) i !i
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Theme: What are the general findings?

Age is one of the key factors controlling groundwater quality =>
Groundwater age tracers are valuable tools

— as a predictor of groundwater susceptibility
— as a constraint on groundwater flow (e.g. managed recharge)

Multi-tracer approaches provide a scientific basis for contaminant source
attribution and new information for water management

« Managed aquifer recharge can impact water quality
« Contaminant attribution often requires multiple tracers

« Contaminant transport is essential to predict impact on deeper aquifers
used for public drinking water

To address California’s water quality and supply issues, we need measurements!!!

— Consistent well-documented datasets (like the Priority Basin program) are
exceptionally valuable, especially when combined with supporting isotope data




Vision for the future of Special Studies

Managed Aquifer Recharge, Indirect Potable Reuse, and Groundwater Banking Sites
— Focus on young water using age & water quality tracers
* New age tracers: Kr-85 (0-50 years), S-35 (0-2 years)
» ldentify “sweet spots” for water banking
— Make age tracers more widely accessible
» Develop new data interpretation tools and approaches
» Develop new instruments for faster & less expensive analysis (e.g. NG-MIMS)

» Provide workshops & tech transfer to public agencies, regulatory agencies, and
consulting companies

Continue to develop tracers and case studies for contaminant attribution & transport
— Managed aquifer recharge impacts on water quality
— Forecasting shallow water quality to deeper water production wells
— Documenting impact of changes in water or land management on groundwater quality

Mine the GAMA dataset and enhance its utility to water resource managers
— Identify areas where groundwater is being extracted unsustainably
— Identify areas where denitrification is likely to decrease nitrate concentrations
— Deconvolve mixtures at drinking water production wells

Focus on the most vulnerable aspects of the groundwater system: shallow aquifers.
Use age tracers to guide the use of limited resources in characterizing groundwater.
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Technical Publications

Technical Reports

UCRL-TR-223509

LAWRENCE LIVERMORE NATIONAL LABORATORY

Prepared in cooperation with the
CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

This work was performed under the auspices of the U5, Departmens of Energy by the University of
Californis. Lawrence Livermere National Laboratory under contract No. W-7405-ENG-45.
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General Aud

Fact Sheets

Nitrate contamination of California
groundwater supplies is widsspread: about
10% of groundwater wells that supply
drinking water to the public in Calfornia
I Contamin. and produce water that
miust be trested or blended before use. In
contrast, private domestic wells generally
tap shallower groundwater that has even
greater potential for contamination. in
Tulare County, for xamphe, over 80% of
domestic wells tested by the State Water
Board were above the drinking wat
standard (45 mg/L as NO,).

Groundwater quality affects water supphy,
Nitrate is expersive to remove from
drinking water supplies, especially in public
and private systems that rely on untreated
groundwater and do not have the necessary
water treatment infrastructure. As a result,
community water-supply wells are often
abandoned due to nitrate contamination.

What are sources of nitrate?

Nitrate is an essential nutrient that ocouns
naturally in soll and water. Concentrations
of nitrate in groundwater from natural
sourees are ususlly less than 10% of
Mamimum Contamin
mg/Las NG,

Finding Sources of Nitrate in Groundwater

Nitrate has many anthropogenic sources:
synthetic and organic fertileers apphed to
crops, farm animal waste, human waste

froem septic systems, and treated municipal

wastewater applied to land.

GAMA Special Studies
Project

Sance 2000, the Caifornas State Witer
Board Grouncwater Ambeent Montanng
& Assessment [GAMA] Program has
funded the Speciel Studier Progect winh
Lawrente Livermore Mational Laboratory
[LLML) &5 technical lead. & rumber of
e PV DT CONCIUCTE 10 A0INEss
specific contarminants of statewide
relevance.

A mapor goal of the GAMA Program is @
Incresse the availability of informasion

Sheet is ntended 13 miorm the public
and water-resourte community, locising
on the netrate me

GAMA funding for the Specisl Studeey
Project ailows researchers to befter
Characterize and Bitess witer quainy
In Caatormia grourdwarter Determning
the sourte of RErale in groundwater

methods s AIMCUR New metheds are
needed to sientify non-point Wource
contamanarts, wch at narate

Inliding grousdwates age, nirete
iatopic compesition, and nisrate co-
COMTATENARTS, i (Tuddy LA near Chico,
Livermore, and Morgan Hill and in snd
wround Saines i Dngs County.

Nitrates in Groundwater

Identi_fying
Groundwater

Nitrate Sources
and Sinks

flective mansgement of nitrate
I:um\rhd aquifers requires

identifying the sources of nitrate
to the aquifer, and understanding the

and fate of mitrate within

the aquifer. Sowrce identification is
crucial to effective source mitigation;
comversion of ressdential seplic systems
b sewer in a rural community will be
ineffective il the primary source of nitrate
contamination i agricultural operations.

Determining the soarce of nitrate in an
aquier, however, can he difficult. Nitrate
occtrs naturally and has a number of
anthropogenic sources. inchading synthetic
Fertilirers. animal mamere, septic systems,
and runicipal wastewater. More than
one sonirce may be present in a recharge
area. and the sources may be diffu
distribated, or localized. As a re
wroundwater nitrae contamination is
often widely distributed with limited
concentration range, making tradstional
plume-tracking methods of placing
wells upgradient and downgradient

of a suspected source ineffective

Charact

terizing nitrate transport is also
I to effective management
Since nitrate travels without significant

32 | JULY/AUGUST 2009 | Southwest Hydroiogy

lence Publications

Non-technical publications

attenuation in oxygen-rich groundwaters,
matural tracers of groundwater fow

can help distingusish between ongoing
and historic sources of nitrate, and can

e sed 1o idemtify apy
for assessing the impact of land use or
management changes on groundwater
quality. The mast significant process for
degradation of nitrate in groundwater is
demitrificution, the microbial co
of nitrale 1o nitrogen gas. Dem
that denitrification s occurring o

lead to acceplance of manitored natural

eiate wells

version
nstrating

and fertilizer sources of nitrate in
groundwater underlying residential

areas either surrounded by farmlands

o recently converted from agricultural
wase. A Lawrence Livermore National
Lahoratory study found that groundwater
underlying Chica, California, contained
trace concentrations of co-o
indicating n septic source: DE
surfactants, and widely prescribed anti-
epileptics such a5 carhamazepine, In
contrasi, groundwater in surrounding
Eermlands contained herbicides and

tion as a viable
plan. and can reconcile measired and
modeled nitrate concentratinns.

Source ID
Nitrate soarces in groundwater can be
determined from

nitrate isot

i composition;
» the presence af nitrale co-contaminants
haracteristic of specific sources;

ndwater major and trace dlement
chermical ard esitopic componition:

+ mean age of the groundwat

n

o Eobopic compo: waler.

Isotupic Composition: The nitrate molecule
contains nitrogen, with stable Botopes "N
and "N, and oxygen, with stable isotopes
1603, 173, and 'R0, Meastarire the isotopic
composition of buth elements. known as the
dual-otope metheod diagrostic for
distinguishing stmospheric and
fertiliner sources from organic fentilizer
and septic soarces, and for identil
denitrification (see figure. right). Septic
discharpe cannot usally be distinguished
froem manure application asing this methed,
buwever. and there are large areas of overlap
between various anthropogenic sources

and natural soil nitrate, Since witrifi
the oxidation of ammoniwm 1o nitrate,
typically incorporates avygen from both
the atmosphere and water. measurements
of loxcal water 570 can also be useful in
assessing the impartance of ammoniam
nitrogen from sepic and municipal
wastewater discharge. animal manure
organic matter. or ammoniam fertilizers
a4 source of groundwaler nitrate

rigm,

Cocomtampnants: A difficult but
important problem is distinguishing
beetwoeen residential (septic) wastewater

herbicide deg products The
highest nitrate concentrations were in the
youngest groundwater, indicating engolng
nitrate loading. Nilrate otope composition
was ol defimitive im this setting, & results
fell in the area of overlap between animal
waste, septic effluent, and soil nitrate.

Haron and boron isotc
also indicate the presence of waste

Water tracers: Quantifying groundwater

age and source can be usefiel in nitrate

¢ identification (inchading

guishing between angaing and

historic sources). identifying wells for

Ritrate monitoring (including background
Dual-isotope Mathod for
MNitrats Source Attritution

10 L] " 2 x

1 published, 1in review
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Presentations

Regulatory agency briefings Stakeholder & professional
workshops & meetings

S HYDRO-COVISIONS

Using Nitrate Isotopic Composition

Tolgme 15 0 1 GROUNDW \||: H.‘\I-I.Il:\ll ASSOCIATION il 2006
Regional Warr e 10 ol Board Nitrate in Calfornia Groundwafer Sympesium
Groundwater Monitoring Alternatives at Dairies EI]I]B H[E HE Hﬁkmq quIESS? Pl .
September 4, 2008 (Rancho Cordova) Y BRAD SR, LANFENCE LNEAWONE NATICMAL LABORRICRY Iy frers 1
Bradley K. Esser
I i i boratory

Dairy Groundwater Workshop

Li
SWRCB GAMA Program

This work was performed under the auspices of the LS. Department of Enesgy by the Univarsity of Califorsia
wressce Livermors National Luboeutory under Contract Ne. DE-ACS2ITNAZTI4

Groundwater Monitoring Regulations for
Dairies, Monitoring Well Construction,
and Monitoring Network Design

WORKSHOP
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Scientific conferences

Thomas Harter, Ph.D.
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Toward Sustainable
Groundwater
N Agriculture

An International Conference

Linking Science and Policy gyempmme
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June 15-17,2010

Hyatt Regencyat the San Francisco Airport
Burlingame, CA

Till Angermann
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December 8, 2010
Stanislans County Agricultural Center. Modesto, CA
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For more information

State Water Board GAMA Program Website:
http://www.waterboards.ca.gov/gama

John Borkovich (SWRCB)
GAMA Program Manager

[borkovich@waterboards.ca.gov

Brad Esser (LLNL)
GAMA Special Study Project Lead
bkesser@linl.gov




GAMA Priority Basin Project
2004-2013

Miranda Fram, Program Chief

and the USGS-GAMA Team of 20 hydrologists,
technicians, and students

USGS California Water Science Center

Presentation to GAMA Public Advisory Committee
April 30, 2013
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science for a changing world

GAMA Priority Basin Project (PBP): Design

AB599: focus on basins
(aquifers) that provide
drinking water

) [l Priority Basins (116)

-* [[] Low Use Basins (356)

I [] Bedrock

CDPH
18,000 public-
supply wells

Belitz and others, 2003
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2004-2012

GAMA PBP: .
Sampling

Implementation

2,300 wells sampled
Focus on depth zone

used for public supply

Assessed 95% of used
resource

35 GAMA-PBP study
units included:
* 116 Priority Basins
* 75 Low-Use Basins
* 8 areas outside of
basins

=USGS [~
Lo e Water Boards

GAMA PBP: Assessments

* Status of groundwater quality at the basin, regional, and statewide scale
— Spatially unbiased statistical methods
— Uses USGS-GAMA and CDPH data

* Understanding of natural and anthropogenic factors affecting
groundwater quality

— Statistical correlations with potential explanatory factors (e.g., land use,
aquifer lithology, groundwater age, pH, redox, depth, position in
groundwater flow system, etc.)

— In-depth assessments of processes and individual constituents

ZUSGS > 4




Study unit reports — Data Report,
Assessment Report, and Factsheet for
each study unit

Synthesis reports — regional
assessments, quality control

* Scientific journal articles — in-depth =
studies of particular constituents or N
processes Tiiter
¥
ﬁgﬁsﬂwﬁ Water Boards

=USGS

GAMA PBP: Presentation of Results

Use relative-concentrations and aquifer-scale proportions to put results
in context and facilitate comparisons between constituents and areas

Relative-concentration (RC): measured concentration divided by
benchmark concentration

[ ] High—RC > 1 (concentration above benchmark)
0 Moderate — RC > 0.5 (inorganics) or RC > 0.1 (organics)
B Low - RC below moderate or not detected

Aquifer-scale proportion: areal proportion of aquifer system with “high”,
“moderate”, or “low” concentrations of a constituent or class of
constituents High

Water Boards




GAMA PBP:
Statewide Summary

25

N
o

Trace
element

A greater proportion of public-
supply aquifers have high
concentrations of one or more
trace elements than have high
concentrations of nitrate or of
one or more organic constituents

=
(2]

=
o

Percent of aquifer system
with high concentration

(2]

Nitrate

Belitz and others, in prep

= USGS o+ 0

for a changing world

Organic

North Sacramento

N. Coast San Joaquin

Tulare

Sierra Nevada

Desert

Los Angeles | San Diego

Belitz and others, in prep
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Basin Scale

Basins with > 25% prevalence of high
concentrations of trace elements are in

Desert, Central Valley, and S. Coast Ranges.

Basins with > 10% prevalence of high
concentrations of nitrate are in Los
Angeles region, S. Coast Ranges, and
Tulare Basin.

Basins with > 5% prevalence of high
concentrations of organics are in Los
Angeles region (mainly solvents) and
Tulare Basin (fumigants).

Z USGS o> —

T L A Water Boards
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GAMA PBP: Statewide Summary

Any trace element
Arsenic
Boron*

Manganese

Uranium

Nitrate

Molybdenum
Any organic
Fluoride
Lead
Vanadium

Boron

[ IMCLor AL
[_]EPA health advisory
B cDPH notification level

0
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for a changing world

5 10 15 20

Percent of aquifer system with
concentration greater than benchmark
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Arsenic
MCL =10 ppb

Uranium
MCL = 30 ppb

Manganese
EPA health advisory
=300 ppb

Percentage of aquifer
system with concentration
greater than benchmark

<5%
i . o,
Water Boards - ‘-G_ g "f I:I 5% - 10%
g Ay [ ]10%-25%
L B .
a2 USGS NI« e > 25%
science for a changing world

GAMA PBP: In-Depth Studies — Inorganic constituents

* URANIUM in the Eastern San Joaquin Valley/Tulare Basin [Jurgens
and others, 2010]

* ARSENIC in the Napa and Sonoma Valleys [Forrest and others, 2013]

* NITRATE and TOTAL DISSOLVED SOLIDS in the Upper Santa Ana
watershed basins [Kent and Landon, 2012]

* NITRATE in the Central Eastside San Joaquin Valley [Landon and
others, 2011]

ZUSGS > 4
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GAMA PBP: In-depth studies — organic and
special-interest constituents

* PERCHLORATE - Statewide distribution [Fram and Belitz, 2011]
e PHARMACEUTICALS - Statewide distribution [Fram and Belitz, 2011]

e BENZENE - Geogenic sources [Landon and Belitz, 2013]

* VOCs - Occurrence of very low concentrations [Deeds and others, 2012]

=USGS =

Water Boards

GAMA Priority Basin Project 2004-2013
Summary

* Sampled 2,300 wells for comprehensive assessment of 95% of
California’s groundwater resources used for public drinking water supply

* Quality of entire resource evaluated
— Major contaminants identified
— Areas with high and low concentrations identified statewide

* Anthropogenic and natural processes contributing to high concentrations
evaluated

— Explanation of where and why concentrations are high

» Statewide baseline of groundwater quality conditions established
— Trends evaluated relative to baseline

SGS D 4

Water Boards




Questions?

= USGS|

science for a changing world

GAMA Priority Basin Project
2013-2024

USGS Proposal

ZUSGS =
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GAMA PBP: Second Phase 2013-2024

e Shallow Aquifer Assessment
— Why assess shallow groundwater quality?
— Design of a Statewide comprehensive Shallow Aquifer Assessment

* Assessment of trends in public-supply aquifers

* Funding scenarios

%%%Elj!;(;!; Water Boards
science for a changing world

Why Assess Shallow Groundwater?
Resource Used by Domestic Wells

San Joaquin Valley

e Over 2 million Californians rely on
private domestic or small water ? —

T

2001

system wells not regulated by the

State — largely unknown water quality | private
Domestic

Small
System

IS
o
o

* Domestic and small system wells are
shallower than public supply wells

Well depth (ft)

0
S
il

Public
Supply

1000

Irrigation

e State Water Board report on “Communities that rely on a contaminated

groundwater source for drinking” concluded additional data are needed
on shallow aquifers

Z USGS
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Why Assess Shallow Groundwater?
Distribution of Nitrate

USGS-GAMA
public-supply wells

Matiorsl By stion Dataset, 2006




Tulare Basin

Nitrate concentrations
correlated with depth and land
use

Well Depth (ft)

'V SWB Tulare County domestic wells
GAMA-PBP public-supply wells H
Kern subbasin
Kings, Kaweah, Tule, Tulare H
Lake subbasins

Most of the high nitrate
concentrations are in domestic
wells

Orchard/Vineyard land use (%)

T T ~
-' : ,' vw Y 8 v m
v ‘ v ] ’ -
v v } Y v 4
v =
L] -
- v
Yy il
¥ =
[ ] -
v l‘ .
v -
., v v
EXPLANATION =
* @ Kem County subbasin study unit =
m Southeast San Joaquin Valley study unit 7
w Domestic wells =
v —— Maximum contaminant level -
0.5 « Maximum contamin;
Ry 1 ! !

| | | |

>
& Burton and others, 2012
science for a changing world

- ] 0 LR 50
Nitrate concentration Water Boards

Land Use 2000 CENTRAL VALLEY

Orchards + Vineyards, ~ 15%

Regionally important:
SE SJV

Central eastside, SJV
Some areas, SacV

Land-use type

= Urban mm Pasture
Native vegetation Grain and hay
Idie/Tallow = Deciduous fruits

and nuts
Rice
mm Cotton
= Water

= Truck, nursery,
and berry crops
Citrus and subtropical
mm Field crops
= Vineyards

Area of SWB
Tulare County
domestic wells

[} 50 Mibes
S —"
L] 50 Kilameters

ZUSGS
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Central Valley Land Use

vineyard

orchard

Faunt and others, 2009
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Why Assess Shallow Groundwater?
Context for Local-Scale Monitoring Programs

* Studies of irrigation and engineered recharge commonly focus on first-
encounter groundwater — how does the quality of this recharge water
compare to regional ambient groundwater quality?

e Over what timescales will changes in land use and water use practices
change ambient groundwater quality?

SGS =

Water Boards

Why Assess Shallow Groundwater?
Predict Future Quality of Deeper Groundwater

* In many areas of California, groundwater is moving downward — to what
extent will contaminants in shallow groundwater affect the quality of
deeper groundwater?

* What anthropogenic and natural processes affect contaminants in
shallow groundwater?

SGS D 4
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Example: Uranium in the .
Eastern San Joaquin Valley -

High uranium in shallow groundwater due
to mobilization of natural uranium from
sediments by bicarbonate-rich irrigation
return water

Depth below water table
to top of well screen (ft)

. -
&
Spearman's tho = 048, pvalue <0.001 B B

o

“Uranium (ug/L)

Uranium concentrations will continue to 000
increase in depth zone used for public- i o
N (=]
supply as this recharge water moves 00 :Eéﬁ'g“
— s
downward = S R &%&i—
3 10 ° ?\ﬂ e
= o &1
£ g I
§o_¢ 0
2 1 o o 3% ygg
o ° o gbo‘:‘
) 7B

e

o
Spearman’s rho = 0.74, p-value = < 0.001

- 1 '
< USGS w Jurgens and others, 2010 . 10 e
science for a changing world
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Design of a Statewide Comprehensive Shallow
Aquifer Assessment

* Prioritization of areas used for domestic supply — analogous to
identification of priority basins for original GAMA-PBP

* Implementation — use successful methods from original GAMA-PBP

* Pilot study in three areas using existing GAMA-PBP funds

ZUSGS > 4




Prioritization:
Where are domestic
wells used?

Households on Individual
Domestic Wells
By Section

- > 20
- 10-20
O

Derived from USGS-

Prioritization:
Groundwater Units

Groundwater Units

I Basins (461)
Basin GWUs correspond to [ ] Highlands (473)

DWR alluvial groundwater




Prioritization of Groundwater
Units for Shallow Aquifer
Assessment

Prioritization:
Ranking GWUs

[ Category 1
= Category 2
[] category 3
[ ] Category 4
[] Low Use

. [] Verylow use

Prioritization based on
number and density of
households using
domestic wells

Categories 1-4 cover 90%
of households using
domestic wells statewide

= USGS ko
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Shallow Aquifer Assessment: Implementation

* Assess 90% of resource over 10 year period
— Sample all Category 1-4 groundwater units

— Spatially distributed design — use larger grid cells than in original GAMA-PBP
for cost savings. Requires 1,000 — 1,200 wells

*  Well selection
— Use DWR scanned drillers’ logs to identify potential wells
— Sample shallow aquifer using private domestic wells and small system wells

e Data collected

— Analyze full suite of organic (VOCs and pesticides) and inorganic (major ions,
trace elements, nutrients, radioactive constituents)

— Geochemical and age-dating tracers
— Compile electronic data (USGS database, county agencies, etc.)

=< USGS

science for a changing world Water Boards




Shallow Aquifer Assessment: Products

* Status of groundwater quality in shallow aquifer

* What are the constituents of concern and where are they found at high
and low concentrations?

* Understanding of natural and anthropogenic processes affecting
groundwater quality in shallow aquifer

* Comparison of shallow aquifer and deeper public-supply aquifer

* Evaluation of processes affecting fate and transport of contaminants
from shallow aquifer to deeper public-supply aquifer

% SGS Water Boards

Pilot for Shallow
Aquifer Assessment

Shallow Aquifer
Assessment
2012-2014

Using existing GAMA-PBP
funds

~ 250 wells

Corresponds to about 20%
of the statewide

Napa-
assessment

Sonoma

Monterey-
Salinas

= USGS [
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J!‘fr,l :"_'.-
/" .GAMA-PBP
e %_gll'g\_NAquifer
.. - Monterey-Salinas study

Cost-savings achieved by
using larger cell sizes

"~ 'GAMA-PBP
;Pubiigl-'s,ypply Aquifer 100 cells :
~Monterey-Salinas study 5., —7 300 km? |

Sy {id Cell sizes
: . Valley = 50 km?
Highland = 175 km?

116 cells RTINS e
Area = 2,600 km? 7k Wy .
’ Lot i 3 -
Cell size = 25 km? N 2 a USGS g
I A Pl Water Boards

GAMA PBP: Second Phase 2013-2024

e Shallow Aquifer Assessment
— Why assess shallow groundwater quality
— Design of a Statewide comprehensive Shallow Aquifer Assessment

e Assessment of trends in public-supply aquifers

* Funding scenarios

= USGS o
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e
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Trends Monitoring: Original GAMA PBP Plan

7 @w .« Trends Monitoring
Sample 10% of network every 3- ’*%&2? % ‘?Oc ’ Network
4 years and full network every ' @® 10% of network
10 years O Rest of network
Costly — requires 2,500 samples

over 10 years

Yes, this would closely monitor
trends, but is it the best use of
resources?

= USGS [

Prefresfimaieerll  Water Boards

Triennial Trends Preliminary Results

)’ Atrazine

218 wells grouped into 6 regions - concentration

O Both non-detect
@ Decrease

O Same

@ |Increase

Compare initial data to 3-yr data

A few significant changes found:

— Atrazine decrease in
Southern CA

— Deethylatrazine increase in
Central Valley

ZUSGS > o N
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Alternative Proposal for Trends Monitoring

400 - 500 wells sampled every
10 years

Monitors trends in public-supply
aquifers on scale of 14 regions

ZUSGS fo>+
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GAMA PBP: Second Phase 2013-2024

e Shallow Aquifer Assessment
— Why assess shallow groundwater quality
— Design of a Statewide comprehensive Shallow Aquifer Assessment

e Assessment of trends in public-supply aquifers

. o, 74

* Funding scenarios
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Cost of GAMA Priority Basin Project

Original program (2004-2014): $5M per year ($50M total)
— Nearly all from Prop 50 funds

Proposed program (2014-2024)
— Shallow Aquifer Assessment: $2.4M per year ($24M total)
— Public-supply Aquifer Trends: $560K per year ($5.6M total)
— Source of funds?

Short-term funding
— Minimum funding: $800K per year
— Source of funds?

Without new funds, GAMA PBP sampling will end in 2014

ZUSGS =

science for a changing world

Questions?
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